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Objective: Alterations in joint mechanics can cause osteoarthritis, which results in degeneration of both
cartilage and bone tissue. The objective of this work is to measure changes in the laxity of the mouse
knee joint after destabilisation of the medial meniscus (DMM) and to visualise and quantify the resulting
three-dimensional changes in the bone and cartilage.
Methods: Skeletally mature C57Bl6 male mice underwent DMM surgery in the right leg. Animals were
sacriﬁced immediately 0 weeks (n¼ 15), 4 weeks (n¼ 11) or 8 weeks (n¼ 12) after surgery. For the
0-week group, the anterioreposterior (AP) and varusevalgus laxity of the DMM limb were compared to
the contralateral limb. For 4 and 8-week groups, tibiae were scanned with micro-computed tomography
(mCT) to quantify and visualise bone changes and with confocal scanning laser microscopy (CSLM) to
measure changes in cartilage.
Results: Laxity testing measured an increase in AP range of motion, particularly in the anterior direction.
The DMM limbs showed a decrease in epiphyseal trabecular bone at 8 weeks and a decrease in cartilage
volume, primarily on the posterior medial plateau, compared to the contralateral limb. Signiﬁcant bone
remodelling was observed at the periphery of the joint and in severe cases, osteolysis extended through
the growth plate.
Conclusion: Multimodal imaging allowed quantiﬁable 3D assessment of bone and cartilage and indicated
extensive changes in the tissues. The increase in AP laxity suggests that DMM surgery redistributes
loading posteriorly on the medial plateau, resulting in bone and cartilage loss primarily on the posterior
portion of the medial plateau.
Crown Copyright  2010 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society
International. All rights reserved.Introduction
Osteoarthritis (OA) is a widespread joint disease characterised by
progressive degeneration of the cartilage, osteophytosis and sub-
chondral bone sclerosis1. There are two categories of OA: mature
onset (predominately occurring in the elderly) and premature onset
(where identiﬁable factors lead to early onset of OA, such as trauma,
metabolic, inﬂammatory and congenital diseases and obesity)2e4.
Mature and premature OA have a similar pathophysiology2.
Animal models of OA allow investigation of early disease
progression and temporal changes in a relatively controlled envi-
ronment. Experimental models of OA frequently damage theto: Sandra J. Shefelbine,
s Building, South Kensington
44-0207-594-5187.
efelbine).
010 Published by Elsevier Ltd onsupporting structures of the joint such as the menisci or ligaments.
Examples include canine anterior cruciate ligament (ACL) transection
and partial meniscectomy in rabbits3,5. In mice, a widely-used and
well-validatedmodel involves destabilisation of themedialmeniscus
(DMM), by surgically transecting the medial menisco-tibial
ligament6.
The DMM model has been used most notably for investigating
pathogenesis of OA7e11. In these studies, histological coronal sections
were semi-quantitatively graded from 0 to 6, depending on the
degree of cartilage degeneration6e9,12,13 and indicated mild to
moderate OA at 4 weeks and moderate OA at 8 weeks, with lesions
focused on the “centralweight-bearing region”6. InOA, bone changes
occur concomitantly with cartilage degradation11,14e16. Subchondral
bone can become sclerotic and the underlying epiphyseal trabecular
bone undergoes trabecular resorption17,18. Only a few studies have
examined bone changes in the DMMmodel11, and none in relation to
altered mechanics of the joint.behalf of Osteoarthritis Research Society International. All rights reserved.
J.P. Moodie et al. / Osteoarthritis and Cartilage 19 (2011) 163e170164The meniscus is important in dissipating transmitted load from
the femoral condyles and also has a role in stabilising the joint19.
Though the DMM model is described as “destabilised”, the changes
in joint mechanics after DMM surgery have not been investigated.
Clinically, measures of knee joint stability are often used after sus-
pected injury to cruciate ligaments (anterior-drawer or Lachman
test) or collateral ligaments [varusevalgus (VV) rotation assess-
ment]. It has been demonstrated that reduced AP and VV knee
stability is a risk factor for OA20. Blankevoort et al. introduced an in
vitro laxity tester for knee joints in mice and used it to demonstrate
an increase in joint laxity following collagenase injection21,22. We
adapted this device to measure AP and VV laxity in DMM knees
compared to contralateral knees.
Histological sections provide high resolution images for tissue
characterisation and are currently the gold standard for assessing
cartilage and bone degeneration. However because histological thin
sections are two-dimensional, results are dependent on the selec-
tion of the sections for scoring. Recent work has demonstrated the
utility of multimodal imaging for concomitant analysis of cartilage
and bone using confocal scanning laser microscopy (CSLM) and
X-ray micro-computed tomography (mCT), respectively. This
method has recently been proven successful in quantifying and
visualizing both cartilage and bone changes in three dimensions in
the STR/ort spontaneous OA mouse model23.
The objective of this work was to measure changes in laxity after
DMM, and to visualise and quantify the resulting changes in bone
and cartilage. We hypothesize that alterations in joint mechanics
correspond to patterns of tissue degradation of the bone and
cartilage.
Methods
Surgical induction of OA
All procedures were performed with institutional ethical
approval. Thirty-eightmalemice (C57Bl6, Harlan, UK) aged 12weeks
underwent DMM surgery of the right limb. Surgery was performed
by an experienced technician (Kennedy Institute of Rheumatology,
Imperial College, London, UK). The right knee was shaved and
prepared with 70% alcohol solution. With the aid of a dissecting
microscope the joint capsulewas enteredmedially to the patella, and
the anterior horn of the medial meniscus was transected from the
tibia, medial meniscal release was conﬁrmed by manipulation with
forceps. The musculature and skin were sutured. The mice were
sacriﬁced in three groups: (1) at the time of surgery (0-week DMM,Fig. 1. A) 3D reconstruction of a tibial plateau, with ROI indicated. (B) 3D reconstrun¼ 15), (2) 4 weeks after surgery (4-week DMM, n¼ 11) and (3) 8
weeks after surgery (8-week DMM, n¼ 12). Age-matched, control
C57Bl6micewith no DMM surgery were examined for occurrence of
spontaneous OA at the same time points (4-week control, n¼ 8;
8-week control n¼ 8).Joint laxity testing
The contralateral (left) and DMM operated (right) hind limbs of
the 0-week group were subject to the laxity testing protocol
described by Blankevoort et al.21,22 The proximal femur and distal
tibiawere dissected from the overlying soft tissues. Tissue around the
capsule was left intact to prevent specimen dehydration. The third
trochanter, femoral head and midshaft of the diaphysis were used as
anatomical landmarks for positioning the femur in a custom made
embedding device. The femur and tibia were embedded using poly
(methylmethacrylate) PMMA;within the PMMAtwo steel rodswere
embedded to connect the sample to the testing rigs. Once embedded,
the samples were clamped in testing rigs and preconditioned with
ﬁve full cycles of load. Range ofmotion of the tibiawith respect to the
femurwasmeasured in theAPandVVdirections. The femur is held in
a ﬁxed position and the tibia is loaded, resulting displacement in AP
and VV directions are measured. Force was controlled in the AP
direction from 0 to 1 N and torque was controlled in the VV direc-
tion from 0 to 5 Nm. The resulting force (torque) vs displacement
curve was generated, and displacements at loads of 1 N AP and
5 NmVVwere recorded. Consistent with Blankevoort et al. anterior
and posterior displacement were analysed at 0.8 N and0.8 N, varus
and valgus displacement were analysed at 4 Nm and 4 Nm
respectively. Total range of motion in AP and VV directions was also
analysed. A number of samples were lost due to samples breaking
during embedding, reducing the group sizes (n¼ 10 DMM limb,
n¼ 12 contralateral limb) and prohibiting the use of a paired test. A
Student’s t-test was used to compare the means (signiﬁcance
measured as P< 0.05).Bone analysis
Hind limbs of both right (DMM) and left (contralateral) were
dissected in the 4- and 8-week groups. The limbsweremanipulated
into 0 ﬂexion and imaged using mCT, set at 50 kVp and 160 mA
(mCT40, Scanco Medical AG, Brüttisellen, Switzerland). The limbs
were scanned from the mid-femoral diaphysis to the mid-tibial
diaphysis with an isotropic voxel size of 12 mm.ction of lateral ROI. (C) Subchondral bone plate ROI. (D) Trabecular bone ROI.
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medial tibial plateaus (Fig. 1) by deﬁning two volumes bounded by
consistent fractions of the breadth and width of the tibial plateau,
omitting any artiﬁcial increase in width and breadth due to
osteophytes. Bone distal to the growth plate was removed, and the
remaining volume was manually segmented into epiphyseal
trabecular and subchondral bone using ImageJ 3D viewer24.
Average subchondral plate thickness was measured using BoneJ an
ImageJ plug-in which utilises a greatest sphere ﬁtting algo-
rithm25,26. In the epiphyseal trabecular bone, trabecular thickness
(Tb.Th), spacing (Tb.Sp) and bone volume/total volume (BV/TV)
were calculated using MicroView (GE Healthcare). The DMM limb
was compared to the contralateral limb using a two-way analysis of
variance (ANOVA) with a Bonferroni post hoc test. All data con-
formed to a Gaussian distribution assessed by Levene’s test.
Cartilage analysis
The tibiae were carefully disarticulated from the femurs. All soft
tissues including the menisci and capsule were removed. The tibiae
were cut at the mid-length and glued onto a custom holder. The
holder was placed into a tissue culture well ﬁlled with phosphate
buffered saline with the distal end of the tibiae orientated toward
the bottom of the tissue culture well. The well was placed on an
inverted confocal laser microscope (Leica SP5) stage and scanned
with a 10 dry objective and a 466 nm laser. XY scans were taken at
5.80 mm intervals in the z direction throughout the thickness of the
cartilage, with a resolution of 3.03 mm in the XY plane. The protocol
was adapted from Stok et al.23,27 Four to six stacks of images were
made for each tibia and stitched together to encompass a whole
tibial plateau.
Image stacks were resampled to an isotropic pixel size of 5.8 mm
and converted into 3D images (ImageJ 3D viewer). Cartilage was
manually segmented by identifying and removing all surplus soft
tissue (i.e., ligaments and meniscus fragments) from the 3D scans.
The remaining cartilage was segmented using the IsoData
method28. Volume was analysed by summing the thresholded
voxels and multiplying by voxel volume. Local thickness was
calculated from the reconstructions; however a measure of average
cartilage thickness was not included because DMM limbs exhibited
full thickness cartilage loss on the posterior plateau. Therefore, any
average thickness calculations would omit these regions of loss and
return an artiﬁcially large value from the remaining cartilage.Fig. 2. Mean AP compliance curve for all coCartilage volume was analysed using a two-way ANOVA with
a Bonferroni post hoc test. All data conformed to a Gaussian
distribution assessed by Levene’s test
Results
Laxity changes
The AP compliance curve (displacement vs load for a loading
and unloading cycles) demonstrated a characteristic hysteresis in
the joints (Fig. 2). A signiﬁcant increase of AP range of motion of
the tibia with DMM surgery was observed with an increase
particularly in the anterior direction. Displacement in the poste-
rior direction increased with a similar magnitude, but large vari-
ance prevented this increase from being statistically signiﬁcant
(Table I). Total range of AP motion increased with DMM surgery by
49%. Displacement in the varus and valgus directions and total
range of motion increased with DMM surgery; however large
variances prevented any statistically signiﬁcant differences being
measured.
Bone analysis
Four weeks after DMM surgery, the medial epiphysis of the
DMM leg had lower bone volume fraction (BV/TV) than the
contralateral medial epiphysis. There was no signiﬁcant difference
for all other parameters. The 8-week DMM group had a further
decrease in BV/TV and an increase in Tb.Th suggesting a loss of
trabecular bone. Subchondral plate thickness increased signiﬁ-
cantly on the DMM leg compared to the contralateral leg at 8
weeks. There were no signiﬁcant changes in the lateral ROI
between DMMand contralateral legs except for a decrease in BV/TV
at 8 weeks. The control groups showed no signiﬁcant change in any
parameter from week 4 to week 8 (data not shown).
Three-dimensional reconstructions of the tibiae were created
from the mCT data (MIMICS, Leuven, Belgium). At both 4 and 8
weeks on the DMM affected limbs, large regions of bone loss and
bone remodelling were observed (Fig. 3) in 13 out of 23 specimens
(4 weeks: 6 out of 11, 8 weeks: 8 out of 12). Bone loss occurred on
the posterior portion of the medial plateau, and on more severe
examples, bone loss appeared to extend through the epiphyseal
bone into the growth plate. The bone loss was typically accompa-
nied by periosteal bone growth occurring around the physis on thentralateral (left) and DMM (right) legs.
Table I
Table of laxity testing tibia displacements, mean (95% conﬁdence interval) P< 0.05 is
considered signiﬁcant
Contralateral (left)
n ¼ 12
DMM (right)
n ¼ 10
P
Anterior displacement
at 0.8 N (mm)
0.45 (0.38, 0.52) 0.66 (0.44, 0.88) 0.048
Posterior displacement
at 0.8 N (mm)
0.58 (0.82, 0.34) 0.83 (1.09, 0.57) 0.149
Anterior-Posterior
Range (mm)
1.04 (0.77, 1.31) 1.55 (1.24, 1.86) 0.047
Varus displacement
at 4 Nm ()
10.33 (7.20, 13.46) 11.91 (8.24, 15.58) 0.485
Valgus displacement
at 4 Nm ()
10.47 (13.61, 7.33) 11.44 (13.75, 9.13) 0.575
Varus Valgus
Range ()
20.80 (16.99, 24.61) 23.35(20.07, 26.63) 0.269
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posterior growth, large changes were seen anteriorly (Fig. 4). In all
DMM tibiae at both time points, there was extensive bone
remodelling observed on the mCT reconstructions at the joint
periphery that was not included in the ROI and therefore not
captured in our quantitative mCT analysis.Fig. 3. 3D bone reconstructions and corresponding sagittal tomograms of tibial heads from a
(1) Indicates region of bone loss, (2) indicates bone growth. (C) and (D) mCT sagittal tomogra
subchondral bone loss is evident and extends beyond the growth plate, distal to the regionCartilage analysis
Quantitative analysis of cartilage volume indicated a signiﬁcant
decrease of cartilage volume on the medial plateau of the DMM leg
compared to the contralateral leg at 4 and 8 weeks. There were no
signiﬁcant changes on the lateral plateau (Table II). Three-dimen-
sional reconstructions of the CSLM data indicated that loss of
cartilage on the DMM leg was consistent on the posterior region of
the medial plateau (Fig. 5). The region of loss corresponded with
the same regions of bone loss observed by mCT. The occurrence of
this characteristic loss was 6 mice of 11 at 4 weeks and 9 mice of 12
at 8 weeks.Discussion
DMM surgery caused a signiﬁcant increase of tibial AP range of
motion, particularly in with the tibia moving in the anterior
direction with respect to the femur. This change in joint dynamics
repositions the point of contact between the femur and the tibia in
a posterior direction. The medial meniscal tibial ligament is located
close to the tibial insertion of the ACL. Therefore it is conceivable
that during meniscal transection, damage is done to the ACL. The
meniscal incision in DMM surgery is parallel to the ACL ﬁbremouse 8 weeks after DMM surgery. (A) Contralateral (left) tibia. (B) DMM (right) tibia.
ms from A and B respectively, approximate location indicated by dashed line. Posterior
of bone loss, bone remodelling is evident.
Fig. 4. mCT reconstructions of tibial heads, medial plateau in foreground. (1) Indicates region of bone loss, (2). indicates bone growth. (A) Contralateral (left) leg 4 weeks after
surgery. (B) DMM (right) leg 4 weeks after surgery, signiﬁcant bone growth can be seen on the posterior of the tibial head. (C) DMM (right) leg 4 weeks after surgery, extensive bone
loss on the medial posterior plateau. (D) DMM (right) leg 8 weeks after surgery, minimal posterior bone loss but growth on anterior and medial aspect. (E) DMM (right) leg 8 weeks
after surgery, extensive anterior bone formation. (F) DMM (right) leg 8 weeks after surgery, characteristic posterior bone loss and bone growth on posterior medial plateau.
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Additionally a complete transection of the ACL results in an obvious
increase in joint laxity and would have been discarded prior to
investigation. ACL damage could explain an increase in AP range of
motion. There is a varying range of bone morphology outcomes for
DMM affected limbs (Fig. 4), for example Fig. 4(B), (C) and (F)
exhibit posterior tibial bone remodelling to different extents,
whereas Fig. 4(D) and (E) exhibit differing structures from anterior
remodelling. This variability may be a result of surgery affecting the
ACL to different extents across a group. Future use of the DMMTable II
Bone parameter means (95% conﬁdence interval). Signiﬁcance (P) compares contralatera
thickness, Tb.Th is trabecular thickness, Tb.Sp is trabecular spacing, BV/TV is bone volum
Medial Contralateral (left) 4 weeks DMM (right) 4 weeks
Sb.Pl.Th /(mm) 0.243 (0.203, 0.283) 0.259 (0.218, 0.300)
Tb.Th/(mm) 0.070 (0.063, 0.077) 0.063 (0.057, 0.069)
Tb.Sp/(mm) 0.104 (0.092, 0.116) 0.110 (0.098, 1.122)
BV/TV 0.503 (0.459, 0.547) 0.409 (0.366, 0.452)
Cart.Vol/(103 mm3) 1.276 (1.150, 1.402) 1.022 (0.890, 1.154)
Lateral
Sb.Pl.Th/(mm) 0.172 (0.149, 0.195) 0.205 (0.137, 0.273)
Tb.Th/(mm) 0.047 (0.043, 0.051) 0.051 (0.047, 0.055)
Tb.Sp/(mm) 0.126 (0.116, 0.136) 0.127 (0.118, 0.136)
BV/TV 0.376 (0.346, 0.406) 0.336 (0.305, 0.367)
Cart.Vol/(103 mm3) 1.454 (1.293, 1.615) 1.429 (1.261, 1.597)model should include checks to assess ACL integrity. In half the
mice (52%), extensive bone loss [Fig. 4(B), (C) and (F)] occurred in
the posterior subchondral plate region. Those that lacked posterior
damage frequently exhibited marked anterior bone remodelling
[Fig. 4(D) and (E)]. Normal control mice showed no signiﬁcant bone
changes, therefore the changes in the DMM legs cannot be attrib-
uted to spontaneous OA.
Laxity testing of the 0-week group was performed immediately
after DMM surgery to determine how release of themedialmeniscus
altered joint mechanics. We did not analyse this group with mCT andl to DMM leg, P < 0.05 is considered signiﬁcant. Sb.Pl.Th is subchondral bone plate
e /total volume and Cat.Vol is Cartilage volume n ¼ 11 at 4 weeks, n ¼ 12 at 8 weeks
P Contralateral (left) 8 weeks DMM (right) 8 weeks P
1.000 0.236 (0.195, 0.279) 0.292 (0.251, 0.333) 0.028
0.837 0.074 (0.068, 0.080) 0.060 (0.054, 0.066) 0.007
0.858 0.109 (0.098, 0.120) 0.131 (0.120, 0.142) 0.038
0.022 0.511 (0.469, 0.533) 0.356 (0.315, 0.397) <0.0001
0.045 1.238 (1.112, 1.364) 0.949 (0.829, 1.069) 0.010
0.315 0.166 (0.144, 0.188) 0.181 (0.159, 0.203) 1.000
0.981 0.048 (0.044, 0.052) 0.049 (0.045, 0.053) 1.000
1.000 0.134 (0.125, 0.143) 0.139 (0.129, 0.149) 1.000
0.396 0.374 (0.344, 0.404) 0.281 (0.252, 0.310) <0.0001
1.000 1.620 (1.460, 1.780) 1.623 (1.469, 1.777) 1.000
Fig. 5. CSLM 3D cartilage thickness reconstructions from a mouse 8 weeks after DMM surgery superimposed on mCT reconstruction of bone. (A) Tibial cartilage from contralateral (left)
leg. (B) Tibial cartilage from DMM (right) leg. Characteristic region of cartilage loss is visible on the posterior aspect of the medial plateau and corresponds with regions of bone loss.
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surgery. DMM surgery signiﬁcantly increased anterior motion and
tended to increase VV laxity. A post-hoc analysis of statistical power
for VV laxity suggested that a sample size of 23 would be required to
produce a statistically signiﬁcant difference. Therefore it is possible
that DMM surgery also increased VV laxity, but because of large
variance it was not measurable in this study. As internaleexternal
rotation is relevant for assessing the integrity of the menisci, future
work will additionally measure the range of internaleexternal
motion.
We did not use sham surgery controls as previous studies have
shown no statistically signiﬁcant difference of histological OA scores
up to 12 weeks after surgery between the sham and contralateral
legs6,29,30. Our control group (no surgery) was used to demonstrate
that OA does not spontaneously develop at this age in this mouse
strain.
Our regions of interest in the mCT quantitative analysis were
focused on the regions beneath the lateral andmedial tibial plateaus.
It is evident that remodelling had taken place within these regions
by 8 weeks however, more substantial changes occurred around the
perimeter of the epiphyseal cortex which was not included in the
ROI. The periosteal bone growth in the DMM legs to be immature
woven bone. Therefore, a quantitative analysis of bone in this region
using mCT to measure standard bone parameters31 was not appli-
cable and standardizing a ROI to capture meaningful quantitative
data from the periphery remains a challenge.
It is well known that bone changes occur concomitantly with
cartilage loss15,16,32,33. In the DMM model using a different strain
(129/SvEv), Botter et al. found that subchondral bone plate thickness
increased on the medial plateau with no signiﬁcant change in
trabecular parameters 8weeks after surgery12. In our C57Bl6micewe
found a similar change in subchondral bone plate thickness and a loss
of trabecular bone at 8 weeks. There were also extensive bone
changes at the joint periphery which were not reported in the 129/
SvEv mouse. Differences between the two studies may be a conse-
quence of using different strains, as the C57Bl6 strain has lower bone
mineral density and a thinner subchondral bone plate compared to
the 129/SvEv strain17,34,35. Previous studies using the guinea pig
indicated that animals with thinner subchondral bone plate have
a higher incidence of OA than thosewith a thicker subchondral bone
plate36. Additionally C57Bl6 mice have been shown to have an
increased adaptive remodelling response to changes in mechanical
load compared to strains with higher bone mineral density37e39.
Genetic predisposition to low bone mass and thinner subchondral
bone plate paralleled byanenhanced sensitivity to signals anabolic to
the skeleton may both contribute to the severe OA seen in our miceparticularly at the joint periphery. Kadri found a reduction of BV/TV,
Tb.th and an increase of Tb.Sp when comparing meniscectomised
knees to sham operated knees 6 weeks after surgery, in the C57Bl6
mouse40. Kadri used histological thin sections to look at bone
changes 6 weeks after surgery. They reported trabecular bone
changes of a similar magnitude to our study. However our results
lacked a signiﬁcant change of Tb.Sp and Tb.Th at 4 weeks. Using the
129/SvEv DMMmodel, Glasson et al. foundmild to moderate OA at 4
weeks andmoderateOA at8weeks fromhistological coronal sections
from the central part of the plateau6. Cartilage loss from the posterior
region was not reported. Our CSLM images indicated that full thick-
ness loss of cartilage was occurring on approximately 70% of the
DMM affected limbs in the posterior region but did not identify
changes in the central plateau. The disparity could again be a result of
differences in mouse strain, but also may highlight the differences in
assessment technique. Coronal histological section in mid-plateau
may overlook the loss occurring in the posterior region. CSLM, on the
other hand, may lack the resolution to detect ﬁbrillation and lesions
that are observed on histological sections from early degeneration of
osteoarthritic cartilage. Hence the use of CSLM in this study has been
limited to volume measurements and visualisation of gross
morphology. With this limitation it is conceivable that lesions and
ﬁbrillationpreviously described in centre of theDMMmedial plateau
were present, but their effect on cartilage thicknesswas not extensive
enough tobedetectedbyCSLM. Themain advantage of CSLM is that it
provides a three-dimensional image of the cartilage and used
together with histology may inform where to take histological
sections.
Quantitative measurements of cartilage from CSLM images must
be validated. Previous work by the authors41 compared histological
sections with CSLM measurements and demonstrated that with the
application of a correction factor, CSLM thickness measurements can
match histological thickness measurements from thin section.
Cartilage thickness was calculated from confocal reconstructions of
non-DMM legs using the local thickness plug-in of BoneJ26, which
utilises a greater sphere ﬁtting algorithm25. The average cartilage
thickness calculated from confocal reconstructions was approxi-
mately 0.035 mm on both plateaus, which is in the range of previ-
ously reported values from thin sections (0.03e0.083 mm)42e44 and
CSLM41. Future work will develop a method for registering CSLM
images with histological thin sections in order to validate cartilage
thicknesses.
The DMM model produced signiﬁcant bone remodelling and
cartilage loss only 4 weeks after surgery compared to the contra-
lateral leg. Using CSLM and mCT we could quantify the changes in
the region of the tibial plateaus and visualise the changes
J.P. Moodie et al. / Osteoarthritis and Cartilage 19 (2011) 163e170 169peripherally. Though remodelling changes were variable within
a group, our 3D multimodal imaging techniques were able to
capture differences which may not be observed on standard
histological sections. mCT and CSLM are non-destructive and can be
used to complement histological thin sections, indicating particular
sites of interest for further histological analysis.
The regions of cartilage and bone remodelling were consistent
with the change in mechanics of the mouse knee after surgery.
Laxity of the tibia allowed the femur to contact more posteriorly
(tibia moves anteriorly) and most likely contributed to the degra-
dation of bone and cartilage. Understanding the relationship
between the joint mechanics and location of cartilage degradation
may help to determine themechanical signals that initiate cartilage
break down.
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